A systematic review of the literature was conducted to identify randomized trials involving continuous dopaminergic stimulation (CDS) in PD patients with motor complications. Difference between n groups was assessed by partitioning heterogeneity and using the x2 distribution with n-1 degrees of freedom, where n equals the number of groups. We looked for publication bias using funnel plotting, Egger's test and Begg's test. Twenty Randomized Controlled Trials (RCTs) were included. The results showed that CDS could evidently improve the Unified Parkinson's Disease Rating Scale (UPDRS) Part II (p , 0.0001), part III (P , 0.00001) and UPDRS total score (p , 0.00001). There was also a statistical discrepancy in off time reduction (p , 0.00001) and prolongation of on time (p , 0.00001) by the CDS therapy compared with control groups. Meanwhile, the results of this study showed obvious side effects in the CDS therapy compared with the placebo, especially at the expense of increased dyskinesia (23.4% vs 11.7%). The present study showed that CDS was beneficial in the treatment of PD patients with motor complications. But the incidence of the side events is more common than placebo. P arkinson's disease (PD) is a progressive central nervous system disorder affecting at least six million people worldwide, making it being the second common neurodegenerative disease after Alzheimer's disease 1 . At the same time, with a growing elderly population and a reduction in other causes of mortality, the prevalence of PD is likely to increase 2 . The burden of PD is speculated to grow substantially over the next few decades as the size of the elderly population grows. Such projections give impetus to the need for innovative new treatments to prevent, delay onset, or alleviate symptoms of PD 3 . To our knowledge, the gold standard treatment for PD still is oral L-dopa because of its excellent efficacy and tolerability 4 . However, long-term use with oral L-dopa administration leads to various motor complications, including the ''wearing-off'' phenomenon and involuntary movements 5 . Motor complications occur in up to 50% of patients taking L-dopa more than 5 years and in as many as 100% of patients with young-onset PD, and are a dominating cause of disability. This presents a particular challenge to managing advanced PD patients. The motor complications are supposed to be the result of a combination of progressive denervation of the striatum and long-term abnormal, intermittent drug administration leading to pulsatile stimulation of dopaminergic neurons 6, 7 . Over time, this pulsatile stimulation results in gene and protein changes in striatal dopaminergic neurons, affecting firing patterns in basal ganglia output neurons and ultimately leads to motor complications 8 . Moreover, in animal models of PD, intermittent but not continuous administration of L-dopa can lead to the wearing-off phenomenon and dyskinesia 
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The concept of CDS has received considerable attention as a therapeutic approach to the treatment of Parkinson's disease 10 . Long-acting dopaminergic agents matched to provide comparable motor improvement to L-dopa treated animal models, but experience an evidently reduced frequency and severity of motor complications 11 . What is more, clinical studies of L-dopa/carbidopa intraduodenal gel infusion revealed marked reductions in 'off' time along with improvement in 'on' time when compared with conventional treatment 12 . Recent numerous evidences suggest wide-ranging symptoms improvement with CDS in patients with severe motor complication, which has beneficial implications for the management of patients with advanced PD in clinical practice 13 . This theory proposes that CDS can provide more continuous stimulation of brain dopaminergic receptors than intermittent doses of oral L-dopa, which is indicate dyskinesia and motor fluctuations could be delayed even though prevented by realizing continuous stimulation of striatal dopamine receptors using long-acting medicines such as dopamine agonists 14 . Nevertheless, the CDS theory has fallen out of favor for a variety of reasons. Some studies reported the incidence of dyskinesia had not been proven to be directly correlated with drug half-life 15 . In additional, many of these studies are of small sample size and thus cannot fully elucidate the efficacy and safety implications of the therapy. Hence, there is uncertainty whether CDS is more effective than another in the PD patients with motor complications. We therefore conducted the present meta-analysis by pooling the results of these trials in order to provide more useful information about efficacy and safety of CDS in the PD patients with motor complications.
Results
This Meta-analysis is conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-analyses 16 .
Study inclusion. We identified 652 potentially relevant articles from six databases. After removal of duplicates, 279 records remained.
After going through the titles and abstracts, 162 were excluded because they failed to meet the inclusion criteria. By reading the full text of the remaining 117 articles as possibly reporting the CDS for the PD patients with motor complications, 49 studies were excluded because a result of without control groups, 37 were excluded because of the subjects did not have developed motor complications, 11 studies were excluded due to not compared with the placebo. Ultimately, 20 eligible studies satisfied the preestablished inclusion criteria [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] ( Figure 1 ).
Characteristics of studies. Twenty studies with 3234 PD patients with motor complications were retrieved based on the search criteria [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] . Among them, only 2 studies belong to L-dopa drug class, remaining 18 studies were dopamine agonist's drug class. The number of participants randomised into the 20 trials included in this meta-analysis ranged from 24 28 to 393 32 participants. The mean age of the participants in the trials was approximately 64 years. Meanwhile, 64% of the participants were male and they had PD for approximately 8 years. The duration of treatment was varied from 6 weeks 28 to 32 weeks
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. UPDRS as the outcome measure was observed in 15 studies, the change of the on/off time was observed in 12 studies, adverse effects were reported in 19 studies. Of the L-dopa drug class, L-dopa intraduode infusion and intrajejunal infusion of levodopa/carbidopa intestinal gel were administrated in 1 study, respectively 28, 36 . In the dopamine agonists drug class, pramipexole were administrated in 8 studies (8/18, 44.4%), ropinirole were used in 3 studies (3/18, 16.7%), cabegoline and bromocriptine as the intervention therapy in 2 studies. What is more, lisuride infusion 27 , rotigotine transdermal system 30 and subcutaneous apomorphine infusion 34 in 1 study, respectively. There were 3 three-arm trials comparing with the placebo. The basic characteristics of each case control study were listed in Table 1 .
Risk of bias in included studies. We utilized the criteria recommended by Cochrane Handbook for Systematic Reviews to assess the risk of bias in the 20 articles included. Although all included studies claimed randomization, 11 articles described the method of random sequences generation (for example, random number generator, computer generated). But only 5 trials gave information that allowed the assessment of whether an adequate concealment of allocation procedure was used. All the studies reported the blinding of participants except two trials 27, 34 . Non-selective reporting was found in 14 trials. Three studies existed certain degree other potential threats to validity. Therefore, all of the included trials were deemed to have a low risk of bias. The methodological quality of each study was summarized in Table 2 .
Meta analysis results. UPDRS. Data on the clinician-rated UPDRS Part II scores were available from 8 trials with 1 trials of L-dopa drug class and 7 trials of dopamine agonist's drug class. For the UPDRS Part II score, there were 2034 participants included in the analysis. We pooled the whole data to process and found significant difference when CDS treatment compared with placebo {p , 0.0001, standard mean difference (SMD) 5 23.04, 95% CI: 24.51 to 21.57, Figure 2A} . Nevertheless, there was severe heterogeneity for the analysis of UPDRS Part II between studies (Tau 2 5 4.46, Chi 2 5 960.54, p , 0.00001, I
2 5 99%, Figure 2A ). Consequently, we should interpret the pool result prudently. The remaining three studies failed to pool analysis due to the raw data demonstrated in the form of percentage improvement (%) or missing, but all of them reported the significant effects of CDS for ameliorating the UPDRS Part II compared with the placebo group (p , 0.05 or p , 0.01). Compared to placebo treatment, ten independent studies showed significant effects of CDS therapy for improving the UPDRS Part III scores (P , 0.00001, SMD 5 Figure 2B ), suggesting that CDS treatment could contribute to improving complications of treatment in patients with PD with motor complications, but the remaining two studies did not provide raw data and thus failed for meta-analysis. There were 3 studies included in the meta-analysis to comparing CDS with placebo according to the UPDRS total score as the outcome index. We pooled the trials and found significant difference between two groups (p , 0.00001, SMD 5 20.63, 95%CI: 20.83 to 20.44, Figure 2C ) without heterogeneity (Tau 2 5 0.00, Chi 2 5 2.13, p 5 0.34, I
2 5 6%, Figure 2C ), indicating CDS could apparent ameliorate the symptoms of the PD patients with motor complications. The funnel plot was roughly symmetric for the effect of CDS on UPD-RS score. Thus, funnel plots did not suggest an obvious publication bias ( Figure 3A) . Meanwhile, Egger's weighted regression (p 5 0.246 . 0.05, Figure 3B ) and Begg's test (p 5 0.755 . 0.05, Figure 3B ) both suggested low likelihood of publication bias for all analysis.
Prolongation of on time and off time reduction. A total of 3 trials evaluated CDS treatment versus placebo in patients of on time increase. Patients had greater response to CDS than placebo as evidenced by obvious significant effects of CDS for prolongation of on time compared with control groups (p , 0.00001, SMD 5 2.59, 95%CI: 2.35 to 2.83, Figure 4A ). The average on time increased by 2.3 hours for CDS treatment and by 0.7 hours for the placebo group, which was apparent statistical difference between CDS and placebo. Data on off-time reduction were available from 6 trials including 930 participants. Compared to placebo, CDS significant reduced off-time by approximately 2.0 hour a day (p , 0.00001, SMD 5 24.34, 95%CI: 25.82 to 22.86, Figure 3C ). Nevertheless, there was severe heterogeneity between trials (Tau 2 5 3.08, Chi 2 5 157.33, p , 0.00001, I 2 5 97%, Figure 4B ). Some studies failed to pool analysis due to the aforementioned reasons.
Adverse effects. Adverse effects (AE) were reported in 20 studies. CDS in general showed statistically significant higher rates of AE than placebo (Data not showed). There was significant difference of adverse events including incidences of dyskinesia (23.4% vs 11.7%), nausea (14.7% vs 9.3%), dizziness (6.53% vs 4.5%), diarrhea (3.44% vs 1.6%) between the CDS and placebo. However, there was no obvious discrepancy of insomnia (4.7% vs 4.1%).
Discussion
Main findings. Our meta-analysis found that CDS could evidently improve the UPDRS Part II, part III and UPDRS total score compared with placebo in PD patients with motor complications. There was also a statistical significance in off time reduction and prolongation of on time by the CDS therapy. These results displayed that patients receive CDS experienced significant improvement in both ''off'' and ''on'' time, as well as in improving the UPDRS subscale score in PD patients with motor complications. However, the results of this study showed obvious side effects in the CDS therapy compared to the placebo, especially at the expense of increased dyskinesia. Hence, it was necessary to detect the optimal therapeutic efficacy to balance the incidence of adverse events. To our best knowledge, it was no question that CDS was beneficial in the treatment of PD patients with motor complications. But it was less clear which class of drug therapy was more effective between L-dopa drug class and dopamine agonist drug class. We failed to draw conclusion which was more effective based on the present meta-analysis due to only two studies focused on the L-dopa drug class. In terms of AE, two kinds of drugs have a nearly similar incidence of AE, both higher rates than placebo.
Interpretation of the results. CDS has been influential in recent years and has lead to increased prevalence of dopamine agonists for PD 37 . Under normal physiologic condition, the dopamine concentration in the striatum is maintained at constant levels 38 . Therefore, continuous stimulation of postsynaptic receptors is thought to be essential for normal basal ganglia function 39 . Meanwhile, motor complications are associated with non-physiologic intermittent or pulsatile stimulation of dopamine receptors 40 . Based on such theory, CDS has been shown to reduce motor complications in advanced PD patients, and has been hypothesized to prevent their incidence when given as early therapy in PD 13 . Indeed, some basic researches showed treatment with intermittent injections of a short-acting dopamine agonist induced motor complications while continuous infusion of the same agent did not 11 . But, whether CDS can reduce the development of dyskinesia has yet to be studied. STRIDE-PD study reported initial therapy with carbidopa-levodopa-entacapone result in an increased frequency of dyskinesia compared to standard carbidopa/ levodopa 41 . Moreover, laboratory and clinical studies have indicated that although dyskinesias are closely linked to the short serum halflife of levodopa, other factors may also play a pivotal role in the pathogenesis 7 . Consequently, CDS is no doubt effective to manage the PD patients with motor complications, but it may cause serious side effects, especially at the expense of increased dyskinesia.
Limitations. Several limitations of this study should be considered. Firstly, a large proportion of the studies included in this review are of six months or less in duration. Among the 20 studies, a very large proportion of studies treatment duration are less than one years, suggesting that there are insufficient data on the comparative efficacy and tolerability of these drugs beyond six months. In such a chronic long-term disease as PD, it would inevitable be valuable to know whether the drug actions persist for a much longer period. Secondly, The role of potentially useful CDS such as levodopawww.nature.com/scientificreports carbidopa intestinal gel infusion, continuous duodenal infusion, subcutaneous apomorphine or lisuride infusion, continuous transdermal delivery of rotigotine were very inadequate in this meta-analysis. Although the fact that an extensive search for such studies was performed, most of them were not RCTs. Therefore, it is necessary to carry out more RCTs to assess the efficacy of such CDS in the PD patients with motor complications. Thirdly, patients included in the trials were not always on behalf of patients in clinic. Patients with Mini-Mental State Examination score less than 24, atypical parkinsonian syndromes, any history of deep brain stimulation, psychiatric or clinically significant hypotension were excluded. Thus, the results cannot be generalized to the entire population of PD patients with motor complications. Finally, high heterogeneity occurred several times when comparing CDS with placebo treatment. Inevitably, studies brought together in a systematic review will differ. Any kind of variability among studies in a systematic review or meta-analysis may be termed heterogeneity 42 . Variability in the participants, interventions, study design and risk of bias all can result in heterogeneity. To solve this problem, in this meta-analysis, random-effects model may be used to incorporate heterogeneity among studies. However, random-effects model is not a substitute for a thorough investigation of heterogeneity. It is intended primarily for heterogeneity that cannot be explained 43 .
Implications for Practice. This meta-analysis of RCTs mainly focuses on the efficacy and safety of CDS therapy in PD patients with motor complications. According to our meta-analysis, patients receiving CDS therapy exhibit significant ameliorate in their PD symptoms as evidenced by improvements in their UPDRS scores, as well as off time reduction compared with placebo. In terms of the safety assessment of this meta-analysis, CDS therapy in generally showed significant higher rates of adverse events than placebo, especially at the expense of increased dyskinesia. Although acknowledging the limitations of this metaanalysis, our findings present a majority of high-quality trials and provide hopefully evidences that CDS therapy can additionally benefit relieve symptoms of PD patients with motor complications.
Implications for research. A number of implications for research arise from this paper. Firstly, improvement in the methodological quality of RCTs is critical for later trials and more methodologically rigorous studies are needed in this field, and sample size calculation should be conducted before enrollment. Secondly, various kinds of different forms of CDS were administered in the 21 studies included. Thus, it is necessary to identify which form of the CDS displays the most effective anti-Parkinsonian action. Thirdly, a new theory points out standard oral administration of dopamine agonists does not result in constant plasma drug levels, therefore, more continuous drug delivery (CDD) may result in both prolonged reversal of motor deficits and reduced levels of dyskinesia. So, we need carry out more well-designed, randomized, double-blind, placebocontrolled trials and report in detail about continuous duodenal or intravenous L-dopa infusion, subcutaneous apomorphine or lisuride infusion, continuous transdermal delivery of rotigotine in future.
Methods
Inclusion and exclusion criteria. Only Randomized Controlled Trials (RCTs) which evaluate CDS for PD patients with motor complications were included in this review. CDS is a therapeutic concept for the management of PD that proposes continuous, as opposed to intermittent or pulsatile, stimulation of striatal dopamine receptors. However, the form of the CDS is multitudinous. In this meta-analysis, we determine in advance the method to achieve CDS are as follow: (1) levodopa-carbidopa intestinal gel infusion; (2) long half-time dopamine agonists (e.g. ropinorole, bromocriptine and pramipexole); (3) subcutaneous apomorphine or lisuride infusion or continuous transdermal delivery of rotigotine. The former one kind belongs to Ldopa class, and the later two kinds were ascribed to dopamine agonist's class. Moreover, eligible studies had to meet all of the following criteria: (1) published in a peer-reviewed journal; (2) conducted to evaluate the CDS versus placebo, both on a background of L-dopa therapy, with all other aspects of treatment being the same in both arms; (3) had original data being independent from other studies; (4) had adequate data such as absolutely change on/off time or UPDRS score as the main outcome measures.
Literature search. We electronically searched six databases of Cochrane Central Register of Controlled Trials (CENTRAL), PubMed, EMBASE database up to February 2014 for all English language publications. Reference lists from the resulting publications and reviews were used to identify further relevant publications. The following search strategy, using the grouped terms, was used for MEDLINE, and was modified to suit other databases.
Medline (Pubmed) search strategy. On/off time 5.
Wearing-off. 6 .
or/1-5 7.
Parkinson's disease 8.
Parkinson disease 9. PD 10. or/7-9 11. 6 and 10
Data extraction. For each study, information was carefully collected from all eligible publications, including first author, year of publication, number of cases and controls, sex ratio, mean age of cases and controls, duration of PD disease, mean L-dopa dosage, intervention of the trial groups, and main outcome measures. For studies including subjects of different arms, data were extracted separately for each arm whenever possible. If more than one paper with the same study was found, the one that contained the most detailed was reviewed. If the data for meta-analysis were missing or only expressed graphically, we tried to contact authors to inquire for further information or calculated by ourselves if available or excluded.
Quality assessment of RCTs. The methodological quality of RCTs was assessed independently using the Cochrane Handbook for Systematic Reviews of Interventions. Two investigators independently evaluated the methodological quality of the included articles. Disagreements were resolved through consensus or discussed with a third author.
Statistical analysis. We considered the main outcome measures as continuous data, and then were given an estimate of the combined overall effect sizes utilizing SMD with a random effects model. We used a random effects rather than a fixed effects model because of this takes into account heterogeneity between multi-studies. We looked for publication bias using funnel plotting, Egger's test and Begg's test. SMD with its 95% CI was used to assess the strength of efficacy of CDS in PD patients with motor complications. If any trials with two or more treatment arms were included, then we predetermine two methods to resolve the matter: (1) if the study was comparing two different drugs within the same drug class versus control, then the data for those drugs were combined to give one comparison of adjuvant therapy versus control; (2) if the study was comparing the same drug but at different dosages versus control, then the arm using generally recommended dose was chosen for inclusion in the analysis. Difference between n groups was assessed by partitioning heterogeneity and using the x2 distribution with n-1 degrees of freedom (df), where n equals the number of groups. All analysis was performed with Revman version 5.1. Probability value p , 0.05 were considered significant. 
